nervous system, where axon terminals are organized on the basis of cellular 48 arrangements in the peripheral sense organ [1] . This topographic map, therefore, allows 49 animals to localize the stimulus source, discriminate stimuli of different locations, and 50 further reconstruct the object shape by integrating multiple stimulus sources. The most 51 well-known examples are the "homunculus" in the somatosensory cortex of humans, in 52 which peripheral arrangements of mechanosensory neurons from different body regions 53 are conserved in the brain [1] . A similar topographic organization of afferents is also 54 seen in the visual, taste, and auditory systems [1] .
55
In contrast, cognate sensory neurons, generally scattered throughout the olfactory 56 epithelium, converge axons onto a small spherical neuropilar unit, the glomerulus [2] .
57
Each glomerulus consists of a large number of incoming sensory afferents and dendrites 58 of a smaller number of second-order (projection) neurons and local interneurons [2] .
59
This unique glomerular organization is important for detecting and differentiating fine-scale topographic structures exist within odor plumes [5, 6] . 65 We have found that an elaborate topographic organization of sensory afferents exists 66 in the sex pheromone-receptive macroglomerulus (B-glomerulus) of the American 67 cockroach [7] . The B-glomerulus is the largest in the male antennal lobe and is 68 specialized for processing periplanone-B (a major pheromone component) [8] . Adult male cockroaches (Periplaneta americana) with intact antennae (Fig. 1a) , Zeiss, Jena, Germany). The three-dimensional location of a sensillum was identified 112 using hair plates on the pedicel as landmarks and its axons were traced by removing part 113 of the cuticle ( Fig. 1f and g ). Afferents labeled by microemerald were visualized by 114 confocal microscopy using an argon laser (Lasos Lasertechnik GmbH, Jena, Germany) 115 with a band-pass filter (505-530 nm), whereas those labeled by microruby were 116 visualized using a helium-neon laser (Lasos Lasertechnik GmbH) with a long-pass filter
117
(560 nm). The outline of the B-glomerulus was imaged by autofluorescence using the 
121
For quantitative analysis, tips of afferent terminals derived from different individuals 122 were detected by the "seeded region growing" and "skeletonized" functions in Amira.
123
The shortest distances between afferent tips and the lateral margin of the B-glomerulus Y, and Z axes in three-dimensional plots using Amira (see Fig. 3o ). The cross-sectional 129 area of axons immediately before entering the B-glomerulus was measured by Amira.
130
Observations of the surface structure of the antenna were made with a scanning electron 131 microscope (S-4800; Hitachi, Tokyo, Japan). The body axis was used as the reference 132 against which position and direction were defined.
133
The antennal flagellum of the cockroach is composed of repeating segments called 134 annuli, and it tapers distally, its diameter being approximately 400 µm in the most 135 proximal region and 130 µm in the most distal region (Fig. 1a) . Each s-w B sensillum ( Fig. 1c and d) . Axons of sensory neurons from the s-w B sensillum form a thin nerve 142 bundle together with axons from nearby olfactory, mechano and contact-chemo sensilla, 143 which joins in the peripheral region of the primary nerve (Fig. 1g) . (Fig. 2o and p) were re-arranged from 148 antero-ventral to postero-dorsal (Fig. 2q) . Due to the close apposition of the 149 B-glomerulus to the antennal nerves (Fig. 2 a and b) , axonal bundles diverging from the 150 anterior, dorsal, ventral and posterior nerve sections tended to progressively enter from 151 ventral to lateral along the anterior-posterior axis of the glomerulus (Fig. 2c-j and 
152
Supplementary data file A). anterior-central regions of the B-glomerulus ( Fig. 2c-f; n=6) , while those arising from 160 the ventral surface (magenta) and the posterior surface (green) were more 161 predominantly seen in the posterior-central and posteriormost regions ( Fig. 2g-j; n=6) .
162
Small nerve section stainings using heavy metal and subsequent intensification revealed were more profusely distributed in the same anterior-posterior focal plane (Fig. 2k-n) .
166
These results were in good agreement with those of fluorescent-dye labelings.
167
Next, we performed single sensillum stainings to evaluate axonal projection patterns 168 of individual neurons ( Fig. 3a and b) . It was found that 82% of the stained afferents 169 diverged into several axons after entering the antennal lobe, providing multiple axonal 170 entry points at the B-glomerulus (red arrows, Fig. 3c-f , h, i, k, l and n; Supplementary 171 data file D). Individual afferents showed diverse morphologies. Most of the stained 172 afferents had localized branches (Fig. 3e-h , j, and k) or those with a few collaterals (Fig.   173 3d,l, and m). A few afferents had rather dispersed branches (Fig. 3c,i and n) . Branches 174 of each afferent tended to be more abundant close to the axonal entry points (Fig. 3c-n) . Fig. 3p and q; Supplementary data file E) . However, sensilla arising from 180 similar three-dimensional locations but from different individuals tended to have 181 distinct branching patterns (Fig. 3i-k) . Thus, at the single neuronal level, 182 three-dimensional origins of somata on the circumference of the flagellum were not 183 predictable based solely on projection profiles.
184
We observed that sex pheromone-sensitive afferents arising from the four surfaces of 
